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To the Editor:
Kubota and associates1 have pre-
sented detailed information of the
interactions between mitral valve
anatomy and function in the presence
of mitral insufficiency caused by is-
chemic ventricular mechanism. They
emphasize restriction of flow through
the tethered mitral valve at leaflet
edge level, which is aggravated by
the presence of annuloplasty. The pos-
sibility of further aggravation by exer-
cise is well discussed. I find that
observations made by me and my col-
league, Dr Edward Yellin,2-4 between
1959 and 2009 provide support for
the excellent work described by
Kubota and associates.
The normal valve transmits normal
flow with a minimal gradient with less
than full possible opening. When the
normal diastolic annular expansion is
fixed by annuloplasty, there is always
a small gradient and a reduction of
the mitral area to less than the annular
area. However, as Kubota and associ-
ates found, the echo-derived mitral
areas are much less than the geometric
area of the annuloplasty rings used.
They attribute this ‘‘functional mitral602 The Journal of Thoracic and Cstenosis’’ to leaflet tethering at the
free edge with a reduced separation
of the central anterior and posterior
leaflet tips. A paper presented at the
July 2009 meeting of the Society for
Heart Valve Disease in Berlin (Frater,
Papillary Displacement: Effect on
Chordae and Leaflets) supports and
confirms this opinion.
This was an in vitro anatomic obser-
vation of the effects of papillary dis-
placement on the anterior and
posterior lealflets in 6 pig and 3 human
hearts with fixed reducing annuloplas-
ties. In normal diastole the papillary
muscles move apically, posteriorly,
and apart.5 These are also the papillary
displacements seen in myopathic ven-
tricular enlargement. Apical displace-
ment by itself puts the second-order
chordae under tension, leaving the
free edge first-order chordae
loose, and allows the leaflet to retain
flexibility. Separation of the papillary
muscles, by contrast, puts both the
second-order and the free edge first-
order chordae under tension. Tautness
of the free-edge chordae reduces all
flexibility of the major parts of the an-
terior leaflet and the central scallop,
rendering them resistant to opening
by transvalvular flow. Whereas the
normal separation of papillary muscles
is 1 cm in systole and 2 cm in diastole,
in a ventricle with a 65-mm diastolic
dimension, the papillary separation
may be 4 cm. The anterior leaflet is
a taut sheet pointing posteriorly and
the stiffened posterior scallops are par-
allel with the ventricular wall. The
findings of this in vitro study provide
clear confirmation of the mechanism
of mitral stenosis at free edge level
postulated by Kubota and associates.
Robert W. M. Frater, MD
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We appreciate the comments of Dr
Robert Frater on our recent manu-
script1 and are honored to reply to
them. He has been a pioneer in recog-
nizing that mitral leaflet diastolic
opening, not only systolic closure, is
controlled by the chordal apparatus.2,3
He and his colleagues observed only
limited influence from changes in
mitral inflow volume on mitral
leaflet opening excursion.3 They fur-
ther observed that papillary muscle
rupture clearly increases mitral leaflet
opening, indicating limited leaflet
opening by chordal attachments.3
Therefore, they demonstrated flow-
independent opening of the mitral
leaflets as well as diastolic restriction
or tethering of mitral leaflet opening
by chordal attachments and tension,
subsequently confirmed in patients
by our group.4
In dilated ventricles, papillary mus-
cle displacement causes greater chordal
tension and restricts leaflet mobility in
both systole and diastole. It leads to mi-
tral regurgitation in systole and reduced
leaflet opening in diastole.4,5 Therefore,
subvalvular tethering by papillary
muscle displacement is the central
pathophysiology restricting mitral
leaflet mobility and function. Of note
is that ventricular dilatation alone
causes significant mitral regurgitation
whereas resultant mitral stenosis is
